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ABSTRACT

A study was conducted to determine the feasibility of using small flame-
activated thermoelectric-generator systems to provide power for lighting small
emergency shelters. Such systems were found feasible, and costs for a family-
size and a 100-man shelter are given. Comparative merits and costs of other
suitable systems are also given.
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I NTRODUCTI ON

It is generally assumed that if the United States became involved in a general
war, nuclear weapons would be used and, as a result, the nation's governmental and
industrial facilities would be seriously damaged. There would be a sudden retreat
of the citizenry to emergency shelters to avoid radioactive fallout, and it would be
a week or two in some areas before radiation would be reduced to a safe level. In
the meantime, the morale and possibly the I ves of the refugees would depend to a
great extent upon the adequacy of their shelters.

A series of tasks has been initiated by the Bureau of Yards and Docks to
provide shelter inhabitants with some of the more essential elements for living.

The objective of this task was to investigate the feasibility of using small
flame-activated thermoelectric-generator systems to provide power for lighting
small shelters. As part of this, the possibility of providing ventilation through the
chimney effect produced by the flame was to be considered. The task instruction
extended the objective to the investigation of other possible applications of thermo-
electric power supplies in shelters, and if Feasible, to the development of suitable
prototypes in a later phase of the task.

BACKGROUND

In 1961, at the peak of the renaissance in thermoelectric research and
development, NCEL made a survey to determine if any of the new thermoelectric
devices would fit the requirements of the Bureau of Yards and Docks. Thermoelec-
tric generators were found to have low efficTpncy and they were considered
economically feasible only where efficiency or initial cost was not a prime consid-
eration.
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Many of the thermoelectric generators under development at the time of the
survey have been completed and tested. They have shown an improvement over
earlier devices in life and reliability because of the following changes:

1. Improvement of the thermocouple alloys and of the methods for fabricating
the elements.



2. Optimization of the size of the usually brittle elements to reduce the
stresses introduced by the difference in temperature from the hot to the
cold side.

3. Introduction of materials and methods to reduce sublimation and degradation
of elements.

There has also been a slight improvement in the overall efficiency of
thermoelectric generators due to the following:

1. Reduction of resistance losses by improvement of contacts between the
couple elements and the hot and cold plates.

2. Increase in the temperature difference between the hot and cold plates
by the use of better thermal insulation.

Individual thermocouples with 6-percent efficiency have been reported, and
where the losses in burners or other thermocouple heating methods are not considered,
efficiencies of 10 percent are mentioned. However, researchers are still striving for
actual efficiencies nearer the theoretical 25 percent that seems available. Presently,
the overall efficiency of propane generators (fuel in to power out), which is the most
important criterion, is below 3 percent (see Table I). The mechanical development
of thermoelectric generators appears to have reached a peak, and further increase
in generator efficiency awaits the discovery of better thermoelectric elements.

FINDINGS

The theoretical aspect of ventilating emergency shelters by chimney effect has
been reported. It was determined that the horsepower requirement for moving the air
supply for a family-size shelter and a 100-man shelter for a period of two weeks would
be low. Thus conditions would be favorable for the use of a thermoelectric power
source. 2 Furthermore, thermoelectric power has been deemed justified (notwithstanding
the high cost of the generators and their output) where the conventional public utility
power source is not available. I However, the advantages and disadvantages of other,
more common, emergency power sources should be considered in comparison to a
thermoelectric source.

Thermoelectric Power Source for Family-Size Shelters

Commercial thermoelectric generators are now available off the shelf and are
adequate for the power requirements of family-size shelters. They are portable and
reliable, quiet, have no moving parts, and need no maintenance. They have not been
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on the market long enough to determine shelf life, but it appears that they should
last 10 years without deterioration and be ready instantly to generate power if
there is a fuel supply. However, they are costly under present production standards.
A typical installation (with approximate costs) would include o 12-volt, 12-watt
generator installed near the shelter exhaust stack ($350); a 60-pound-capacity
propane storage tank ($25); a pressure regulator ($4); a pipe and shut-off valve ($4);
electrical wiring, a dome-light fixture, and a No. 1003 or 1004, 15-candlepowee,
12-watt electric lamp ($7). The total cost of these parts is $390, and installation
labor would increase the cost to about $500. One tank of propane, 14.2 gallons ($4),
would supply fuel for 400 hours at 80 cents per kilowatt-hour compared to 3 to 4 cents
from a public utility.

The generator's burner can use butane or natural gas when the orifice is
changed. Both propane and butane are heavier than air, so that a leaky system
would create an explosive hazard, particularly in basement or underground shelters.
Natural gas would probably not be available in the emergency. The generator would
need to be modified to burn liquid fuels. In all coses, the fuel tank would require
periodic checks to assure that it was full for the emergency.

The propane burner produces 3200 Btu per hour, and the generator's overall
efficiency is only 1.27 percent. Therefore, most of the heat would be rejected to
the stack and would augment the gravity flow of air for shelter ventilation through
chimney effect.

An alternate secondary circuit for this installation could include a No. 57,
2-candlepower, 3.4-watt electric lamp; a light fixture; and a 2-inch, 12,000-rpm
fan which consumes 5 watts and delivers air at 31 cfm.

The dome light in the primary circuit would be good for reading at 3 feet
from the source and poor at 6 feet. With the dome light off, the secondary circuit
could provide the minimum essential illumination to see objects within the shelter
and would supplement further the flow of air for ventilation.

More elaborate arrangements could be assembled for this thermoelectric
power system. It could be arranged to trickle-charge a battery when the lights and
fan are off. A transistorized 12-volt transceiver, walkie-talkie, or intercom set
could be installed.

The LP-gas supply could be used for a stove, an absorption-type refrigerator, and
for a mantle-type lamp to provide brilliant illumination. This gas lamp would be used
as the primary source of light, and the heat generated could supplement the gravity
ventilation if the lamp were properly placed near the shelter exhaust stack. Although
it appears that the LP-gas supply alone could provide adequate services to a shelter,
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there are wind and temperature conditions where the ioduced gravity flow of air
would be inadequate, 3 and a thermoelectric generator and fan combination would
be desirable to provide a forced-draft ventilation system.

Thermoelectric Power Source for a 100-Man Shelter

The thermoelectric generators that are suitable for a 100-man shelter were
developed under Government contracts. The 250-watt "Man-Pack" thermoelectric
generator, produced under BuShips Contract NObs-78198, could be an effective
installation, which would include two 60-watt lights and a 1/6-hp, 700-cfm venti-
lating fan. The contractor believes that similar thermoelectric generators in 100-unit
lots can be fabricated for $4800 each, and that full production would reduce this
cost substantially. A complete shelter installation would cost up to $5500.

The generator is 18-1/2 inches long, 15 inches wide, 10-1/4 inches high,
and weighs about 40 pounds. 4 It uses about 570 pounds of propane for two weeks
of operation. Two standard 300-pound-capacity storage tanks would be required
for the emergency period. With fuel at 6.37 cents per pound (27 cents per gallon),
it would cost 42 cents per kilowatt-hour. A more elaborate installation with a
communication system, stove, LP-gas refrigerator, and better illumination could use
two "Man-Packs."

The operating data for several propane-fueled thermoelectric generators are
given in Table I. Most of these generators can be changed to use other gas fuels,
and probably could be modified to use liquid fuels.

Other Power Sources for Shelters

Several other power sources are readily available and are noted here only
for comparison to the thermoelectric source.

An LP-gas, pressure-gasoline, or kerosene gas-mantle lamp would provide
ample light for a family-size shelter. It would be located near the shelter exhaust
stack so that the heat from the mantle flame would aid the flow of air for ventila-
tion. A burner could be placed in the stack for a greater flow, although it may
prove inadequate under certain wind and temperature conditions. A complete
system could be assembled for $75 to $100. It would have a long shelf life and
would be reliable. The kerosene unit would be quiet and relatively safe. The
LP-gas and pressure-gasoline units would create a hissing noise that might be
objectionable, aod there are greater explosion and asphyxiation hazards with these
units. Extra mantles would need to be slorcd to replace the brittle failures which
are common in used mantles. The system would require periodic checks to assure
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that it was ready for emergency use; otherwise, it could be considered maintenance
free. A single-light system might also be suitable for a 100-man shelter. Multiple
lights would not be recommended because they would use too much oxygen and
would generate too much heat and other by-products.

A battery and standard trickle-charger system, equivalent to the thermoelectric
system for a family-size shelter, could be assembled for $100 to $150. It would have
a shelf life of 5 to 10 years, would be ready for instant use, and would be quiet and
reliable in operation. However, a periodic check of the battery-acid level and
charge would be required to assure that it was ready for any emergency, and ade-
quate ventilation would be needed to eliminate battery gas and odor. A similar
battery and trickle-charger system to provide light and augment the ventilation for
a 100-man shelter would cost about $3000.

The smallest of reliable engine-generator sets, suitable for continuous use
over a 2-week period, would provide more than ample power to light and ventilate
a family-size shelter, and would probably meet the minimum requirements of a
100-man shelter. A system built around this generator set would cost about $200
for the small shelter and $400 for the larger shelter. However, engine-generator
sets cannot be stored for long periods unless preserved; therefore, they would not
be ready to operate at a moment's notice. They also create noise, heat, and odor
when operated, so they are less desirable than the other power sources.

CONCLUSIONS

1. The use of thermoelectric-generator systems to provide power for lighting
emergency shelters is feasible.

2. Thermoelectric generators are costly under present production standards. The
cost could probably be reduced substantially in a full production line.

3. A thermoelectric-generator system would have a long shelf life, would be quiet
and reliable in operation, and would be free from maintenance.

4. Thermoelectric generators suitable for emergency shelters are available off the
shelf or from existing Government-contracted designs; therefore, no further develop-
ment is needed at this time. It may be desirable to convert the burners so that a fuel
less hazardous than propane can be used.

5. There are other power sources that are reliable, quiet, efficient, economical,
and maintenance free.
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